The sera of several animals were examined for suitability in coagulase testing. The assay for coagulase-reacting factor (CRF) activities of the whole sera indicated the following relative concentrations of CRF: human > pig > rabbit > horse > bovine, chicken, and lamb. Human, pig, and rabbit sera had adequate amounts of CRF for coagulase testing. The plasmin activities of the different sera, arranged from the strongest to the weakest, were as follows: rabbit > human > lamb >horse > bovine, chicken, and pig. Fibrinolysis was observed when rabbit, human, lamb, or horse sera were incorporated into coagulase test agars. Pig serum was superior to the other sera for use in the plate test for coagulase since it had adequate amounts of CRF and the plasminogen-plasmin system was not activated by staphylokinase or staphylococcal Muller factor. Heparinized pig plasma was more suitable than citrated pig plasma since citrate interfered with the growth of Staphylococcus aureus, and the use of heparinized plasma prevented false-positive coagulase reactions due to citrate utilization.
Few reports on the suitability of different animal plasmas for coagulase testing have appeared in the literature. Field and Smith (8) compared the plasmas of several animal species for use in the slide test. Taylor and McDiarmid (18) used rabbit, sheep, and ox plasmas in the plate test. Numerous plating media have been prepared with human or rabbit plasmas (6, 7, 10, 15, 17) . Duthie and Lorenz (6) reported that cow, sheep, dog, guinea-pig, and mouse plasmas exhibited a relative deficiency in coagulase-reacting factor (CRF), whereas the plasmas of man, monkey, horse, cat, pig, fowl, and rabbit contained substantially more CRF. Meyer (12) reported on the adequacy of the coagulase test by using plasma from different animals.
Rabbit plasma is generally used for routine coagulase testing and is stipulated in the official method for detecting Staphylococcus aureus (21) . The use of rabbit plasma is undesirable in the plate test since staphylokinase (SK) and staphylococcal Muller factor (MF) activate the plasminogen-plasmin system. The plasmin (E.C. 3.4.4.14) zones (fibrin halos) around colonies of coagulasepositive staphylococci. The use of plasminogenfree CRF in a plating medium reduced the occurrence of false reactions (13) . Although satisfactory for research purposes, it was recognized that the preparation of CRF by gel-filtration and filter-sterilizing large amounts of bovine fibrinogen for use in a plating medium may be too complex for routine use in many laboratories. The purpose of this study was to compare beef, chicken, horse, human, monkey, pig, and rabbit sera for their suitability in coagulase testing. The criteria used to determine suitability were the presence of adequate amounts of CRF for use in the plate test and the absence of fibrinolysis. Plasminogen-free CRF was prepared from each serum tested. Rabbit red blood cells were washed repeatedly in 0.85% NaCl and were then lysed in distilled water. A constant amount of this red hemoglobin preparation was added to each test serum before gel-filtration, and the CRF fractions were collected (13) . Dilutions of the CRF fractions of each type of serum were assayed for CRF activity as above.
MATERIALS AND METHODS

Cultures
Qualitative determination of serum plasmin activity. A 0.8% amount (w/v) of Ion Agar no. 2 (Oxoid) was heated and cooled to 50 C. Nonfat dry milk (Galloway-West Company, Fond DuLac, Wis.) and Merthiolate (Eli Lilly, Indianapolis, Ind.) were added to give final concentrations of 1% and 0.01 %, respectively. A 3-ml amount was dispensed per microscope slide and allowed to harden. Two wells, approximately 4 mm in diameter and 4 mm apart, were cut in the agar. One well on each slide was filled with approximately 0.1 ml of plasminogen activator preparation (concentration, 10 mg/ml) in distilled water. The other well on each slide was filled with one of the different animal sera. The slides were incubated at 35 C in a moist chamber and were examined periodically. Plasmin activity was indicated by zones of clearing (casein hydrolysis) between the adjacent wells where the plasminogen and SK or MF (or both) diffused together and reacted.
Arginine esterase and plasmin activity of rabbit and pig sera. A modification of the manometric technique of Lassen (11) was used to determine the arginine esterase activity of pig and rabbit sera. The subtrate used was a-N-benzoyl-L-arginine ethyl ester-hydrochloride (BAEe; Sigma Chemical Co., St. Louis, Mo.) at a final concentration of 0.033 M. At 25 C, the 18 mi NaHCO3 buffer with 0.85% NaCl gave a pH of 7.4 in the reaction mixture after gassing for 5 min at 780 mm of Hg and allowing 5 min for equilibrium to be established at approximately 760 mm Hg. Plasminogen activation occurred during the gassing and gas equilibration. A 1.8-ml amount of 10 mg/ml plasminogen activator preparation in the bicarbonate buffer plus 1 ml of rabbit or pig serum were used to demonstrate the arginine esterase activities produced by SK and MF action on the serum plasminogen-plasmin systems. One ml rabbit or pig serum (1 ml) was added to 1.8 ml of the bicarbonate buffer to determine the esterase activity of each serum. A 1.8-ml amount of the plasminogen activator preparation plus 1 ml of the bicarbonate buffer were used to assess the arginineesterase activity of the staphylococcal enzyme preparation. Carbon dioxide evolution was measured directly with a Gilson Respirometer (Gilson Medical Electronics, Middleton, Wis.).
Rabbit and pig serum protease activities were compared by using a-casein (Sigma Chemical Company, St. Louis, Mo.) as the substrate. The plasminogen activator preparation and a-casein were rehydrated with 0.1 M potassium phosphate buffer at pH 7.4. This buffer was the same as described by Vesterberg et al. (22) for the assay of plasmin activity. After incubating 0.5 ml of 10 mg/ml plasminogen activators with 0.5 ml of rabbit or pig serum for 10 min at 35 C, 0.5 ml of the substrate was added, and the protease determination was made by the method of Bergmeyer (2) .
RESULTS AND DISCUSSION
Although the use of plasminogen-free CRF from rabbit serum gave excellent results in the plate test, the preparation of the CRF and filtersterilizing bovine fibrinogen required too much time for routine use in many laboratories. Since the use of whole plasma would greatly simplify media preparation, a survey was conducted to determine the usefulness of different animal sera in coagulase testing.
Comparison of the CRF activities of different animal sera. The relative amounts of CRF present in the animal sera tested were indicated by the strength of the fibrin halos produced at the higher dilutions of each test serum. The 10-hr reading indicated the following relative concentrations of CRF: human > pig > rabbit > horse > bovine, (Table 1) .
The comparison of the CRF activities of the plasminogen-free CRF fractions of each serum gave results similar to those obtained with the whole sera, i.e., human, pig, and rabbit fractions produced the fastest reactions and bovine, chicken, and lamb fractions exhibited negligible CRF activity. In contrast to the whole sera experiments, the fastest reactions were observed with media containing the highest concentrations of added CRF. This was due to the elimination of serum inhibitors or to the elimination of fibrinolysis due to the action of plasmin.
Qualitative determination of serum plasmin activity. The plasmin activities of the different animal sera, arranged from the strongest to the weakest, were as follows: rabbit > human > lamb > horse > pig, bovine, and chicken. The pig, bovine, and chicken sera produced no zones of clearing by 48 hr at 35 C. The degree of proteolysis was taken as a measure of the extent of activation of plasminogen by SK and MF; consequently, the plasminogen-plasmin systems of pig, bovine, and chicken sera were not activated by the staphylococcal enzyme preparation. These findings paralleled the fibrin halo stabilities when the whole sera were incorporated into CMA. These data are similar to the species reactivity to SK reported by Cliffton and Cannamela (3) and Gerheim and Ferguson (9) .
The plating assay of CRF and the qualitative determination of plasmin activity indicated that pig serum was the only test serum to meet the criteria for suitability in coagulase testing, i.e., adequate amounts of CRF and no proteolysis due to activation of the plasminogen-plasmin system. Since rabbit plasma is presently accepted as the substrate of choice for coagulase testing (21), these findings indicated the importance of a comparison of pig and rabbit sera plasmin activities after activation of plasminogen with SK and MF.
Arginine esterase and plasmin activity of rabbit and pig sera. Troll et al. (20) reported that streptokinase-activated plasmin catalyzed the hydrolysis of L-lysine and L-arginine esters. Troll and Sherry (19) found that the arginine esterase activity and some lysine esterase activity were due to plasmin. Troll and Sherry also noted that arginine esters were well suited for the assay of plasmin activity since serum inhibitors had little effect on their hydrolysis.
The BAEe activities of rabbit and pig sera are shown in Fig. 1 . The rabbit serum plus SK and MF gave approximately twice the esterase activity of the pig serum plus plasminogen activators. Similarly, rabbit serum produced about twice as much CO2 evolution as the pig serum. The staphylococcal enzyme preparation contained insignificant amounts of arginine esterase activity. The BAEe hydrolysis observed with rabbit and pig sera without SK and MF indicated that the sera contained esterase activity that was not due to plasmin or that some of the serum plasmin was activated in the test system. The three-to fourfold increase in CO2 evolution in the presence of the staphylococcal enzymes indicated the staphylococcal preparation activated both rabbit and pig arginine esterase activity.
Since the hydrolysis of the synthetic arginine ester did not explain the difference in fibrin halo stabilities when rabbit and pig sera were incorporated into coagulase test media, a protein substrate was chosen to measure protease activity. The plasmin assay using a-casein as the substrate demonstrated that rabbit serum plus SK and MF was strongly proteolytic, whereas pig serum plus SK and MF had negligible proteolytic activity (Fig. 2) . These findings indicated that pig serum plasminogen-plasmin system was not activated by SK or MF; consequently, the stability of fibrin halos on media prepared with pig serum or plasma was due to the absence of plasmin activity. The difference in plasmin activity of rabbit and pig plasmas may prove to be important for application in the tube test (16) . Inhibition of growth or coagulase production was not observed when heparinized plasma was used in coagulase test agars. Preliminary results indicate that the use of the plasma with 10 units of heparin per ml may be more suitable than the use of the plasma containing 5 units of heparin per ml since some fibrin clumping has been observed on plates prepared with 14% pig plasma containing the lower concentration of heparin. The use of heparinized plasma also prevented false-positive reactions by organisms which utilized the citrate and allowed spontaneous clotting to occur.
A gram-positive coccus, which was isolated from a frozen food, produced a false-positive reaction on CMA prepared with pig plasma. This isolate was coagulase-negative by the standard Comparison of plasmin activities of rabbit and pig sera. The plasmin activities of rabbit and pig sera were determined after activation of S. aureus 265-1 partially purified protein at a final concentration of5 mg/ml in the activation mixture. The reaction was stopped at 20 min by the addition of 3 ml of 5% trichloroacetic acid. Symbols: 0, rabbit serum + SK and MF; 0, pig serum + SK and MF; *, rabbit serum; *, pig serum;A, SKand MF. tube test (21) but was a strong acid producer on CMA. Growth of this organism on CMA produced a zone of opacity around the colony, after 24 hr, which was difficult to distinguish from the fibrin halos around coagulase-positive Staphylococcus colonies. This isolate also produced falsepositive reactions on Baird-Parker medium (1) and on TPEY (4) .
The false coagulase reaction was eliminated by incorporating pig plasma into media without added carbohydrate, such as Tryptic Soy Agar. Similar reactions were produced on CMA prepared with pig serum and with pig plasma so the effect involved more than action on fibrinogen. It was concluded that acid production in carbohydrate-containing media caused the false reaction. Davis and Davis (5) reported a similar false reaction due to pH effects. Since the coagulase reaction is a distinguishing characteristic of S. aureus, it is recommended that pig plasma be incorporated into a medium free of utilizable sugar to avoid this type of false reaction.
These data indicate that the natural properties of pig serum and plasma may be used to advantage in coagulase testing. The availability of pig blood leads us to believe that the use of pig plasma in coagulase testing will be considerably cheaper than the use of rabbit plasma.
